INTRODUCTION
The Blood and Marrow Transplant Clinical Trials Network (BMT CTN) was chartered by the National Heart, Lung, and Blood Institute and the National Cancer Institute (NCI) in 2001 to conduct clinical trials aimed at improving the outcome of patients undergoing hematopoietic cell transplantation (HCT). Since its inception, activities of the BMT CTN have been guided by a series of State of the Science Symposia (SOSS), conducted to determine the most important and clinically relevant questions to be addressed by the cooperative activities of the Network. The first State of the Science Symposium identified 6 major questions that the BMT CTN should consider (see Table 1 ). Over the following 6 years, the BMT CTN activated 12 trials that addressed most of these questions, as well as others, and accrued more than 2000 patients to these trials. In 2007, a second SOSS (SOSS2) identified a new series of 11 clinically important questions (see Table 1 ) [1] . Since SOSS2, the BMT CTN has developed and activated 7 studies addressing these issues, 6 of which have completed accrual; accrual continues to the remaining study. The NCI cancer cooperative groups developed and activated 2 additional trials endorsed by the BMT CTN addressing these questions, 1 of which has completed accrual with 1 ongoing. Studies addressing the final 2 SOSS2 questions were not initiated after further analysis determined that they were likely not feasible at this time. Overall, the BMT CTN has activated 33 trials addressing many of the most pressing questions facing the HCT community, has accrued >6700 patients to trials, and has published results in 37 manuscripts, including many high-impact, practice-changing papers [2] .
The BMT CTN held its third SOSS meeting in February 2014 to set a scientific agenda for the coming half decade. Given the success of the previous 2 SOSS meetings, the 2014 SOSS followed a similar format. Briefly, approximately 9 months before the meeting, a BMT CTN planning group formed 13 committees (similar to those in SOSS2) addressing 13 major topics in HCT, and the planning group named committee chairs and members for each committee. Committee members included cooperative group leaders, representatives from specialized programs of research excellence, individual cancer center leaders, and laboratory-oriented investigators and clinical trialists. To encourage diverse views and gain the broadest possible perspective, no individual was permitted to serve on more than 1 committee. Additionally, 2 external reviewers, who were not active participants in BMT CTN activities or centers, were identified for each committee. The planning group, committee chairs, members, and external reviewers are listed in Table 2 . Each committee was charged with identifying up to 3 of the most important clinical questions in their area that could be addressed by the BMT CTN in the next few years. The committees met multiple times over the ensuing 6 months to develop their list and to create brief documents describing the outcomes of their deliberations. These reports were circulated to the SOSS planning group, the other committee chairs, and the external reviewers before the SOSS meeting. Participation in the SOSS meeting was open to the public and approximately 350 individuals attended. At the meeting, each committee chair presented his or her group's report, following which the external reviewers presented their views. A discussion period followed each presentation; these discussions were open to all in attendance. At the conclusion of the public meeting, the planning committee, committee chairs, and external reviewers met, modified, and prioritized the study concepts, based on the SOSS meeting discussions. This article summarizes the individual committee reports and a list of those trials most enthusiastically endorsed by the symposium leadership.
COMMITTEE 1: LEUKEMIA Current State of the Science
Leukemia is the most common indication for allogeneic HCT and disease recurrence is the most common reason for transplantation failure. Relapse occurs most frequently early after transplantation before full donor immune reactivity has occurred. Accordingly, this committee chose to focus primarily on strategies to mitigate the risk of relapse in acute myeloid leukemia (AML) after HCT based on the availability of new agents, encouraging preliminary data, and trial feasibility. The committee also noted that the role of allogeneic HCT in older patients remains unsettled. Background Approximately 20% to 30% of patients with AML harbor an ITD mutation in the FLT3 receptor that results in a high risk of relapse after conventional chemotherapy [3] . Retrospective data suggest such patients may benefit from HCT, yet the risk of relapse after HCT is still high [4] . Agents that inhibit FLT3 signaling are available and have been tested in clinical trials [5] .
Trial design
The committee proposed a phase III, randomized, doubleblind, 2-arm study to determine the clinical benefit of FLT3 inhibitor monotherapy compared with placebo for patients with FLT3-ITD þ AML who are in remission after HCT. The primary endpoint would be leukemia-free survival with a sample size based on a comparison of the 2 arms. A hazard ratio of .6 was suggested.
Feasibility and logistics
This trial design would be definitive but would require a large sample size (w500 patients) and thus necessitate a multicenter and, possibly, multinational effort with support from 1 of the drug manufacturers. At this time, quizartinib appears to be the most promising agent, based on preliminary efficacy data [5] . Post-transplantation low-dose azacitidine maintenance will decrease the risk of relapse after allogeneic HCT for AML and or myelodysplastic syndromes (MDS).
Background
The hypomethylating agents 5-azacitidine (AZA) and decitabine are clinically active against both MDS and AML [6] . In particular, AZA prolongs survival compared with 4 . Utility of T cell depletion of allogeneic bone marrow 5. Utility of sirolimus added to conventional GVHD prophylaxis 6. Allogeneic transplantation versus chemotherapy for older patients with AML SOSS2
1. Chemotherapy versus unrelated donor HCT for patients with high-risk AML 2. Full intensity versus reduced intensity conditioning for patients with AML 3. Chemotherapy þ dasatinib versus allogeneic HCT for patients with Phþ ALL 4. Reduced intensity allogeneic HCT for patients with very high-risk CLL 5. Reduced intensity allogeneic HCT for T cell lymphoma 6. Reduced intensity allogeneic HCT in children with hemophagocytic lymphohistiocytosis 7. Autologous HCT for refractory Crohn's disease 8. Use of viral specific T cells to treat adenoviral infections 9. Development of calcineurin-free regimens to treat chronic GVHD 10. Comparison of allogeneic HCT versus chemotherapy after autologous HCT for patients with MM 11. Comparison of peritransplantation stress management interventions
Phþ indicates philadelphia chromosome positive; CLL, chronic lymphocytic leukemia. supportive care in patients with MDS and is feasible to administer after HCT [7, 8] . A phase I trial established a safe dose after HCT and the Alliance (formerly Cancer and Leukemia Group B) recently completed a 64-patient phase II study using that dose after reduced-intensity conditioning (RIC) HCT in patients with AML and MDS. A single-center phase III study is ongoing at MD Anderson.
Trial design
The committee proposed a randomized phase III study comparing subcutaneous AZA starting on posttransplantation day 40 to 100, given in 30-day cycles for 1 year, or approximately 12 cycles, compared with no maintenance. Event-free survival would be the primary endpoint. Patients who are FLT3 ITD þ would be excluded to avoid overlap with strategy 1. A hazard ratio of .6 was suggested.
Feasibility and logistics
Sample size would depend on the magnitude of the benefit postulated, but the trial would likely require 250 to 350 patients. There are now oral hypomethylating agents available that may increase trial feasibility and facilitate use of a placebo control. Patients with AML in first complete remission (CR1) who are 60 years or older will have prolonged survival after HCT compared with other consolidation strategies.
Background
Multiple retrospective series, as well as smaller prospective studies, suggest patients 60 years or older with AML in CR1 undergoing HCT may have superior outcomes compared with counterparts receiving nontransplantation-based consolidation [9, 10] . These studies are confounded by differences in selection practices for HCT and non-HCT therapies. A definitive advantage with transplantation, demonstrated in a large prospective trial, would change the standard of therapy for this group of individuals.
Trial design
The committee proposed a phase III trial with 2 arms, ancillary to any active North American cooperative group trial for initial therapy in elderly patients (60 to 75 years old) with newly diagnosed AML. The trial would use a biologic assignment design. Patients with a suitable donor would be assigned to the HCT arm. Overall survival would be compared between those with versus those without a suitable donor.
Feasibility and logistics
This trial design would require 500 to 600 patients at initial diagnosis based on anticipated dropout because of failure to respond to initial therapy and other logistical issues that are not insignificant. The latter include the relatively low number of older AML patients with an available donor who actually proceed to HCT (<50%) and the recent availability of alternative donor transplants (eg, umbilical cord blood, haplo-identical relative), making transplantation an option for virtually all patients. 
Summary of Discussion
There was significant enthusiasm for the concept of interventions to mitigate the risk of relapse in high-risk AML after allogeneic HCT. Both Strategies 1 and 2 were considered meritorious and should be high priority for the network in the near future. Concerns were raised regarding the current paucity of data regarding the safety and feasibility of administering FLT3 inhibitors after HCT, though phase II studies are ongoing that should help to inform trial design. Regarding Strategy 2, concerns were raised about the dose and schedule as well as route of administration (oral versus parenteral) of hypomethylating agents, but data from ongoing and recently completed phase II studies should be available to aid in trial design. Strategy 3 was given a lower priority because of an inability to resolve the substantial biases inherent in a trial design that does not allow randomization.
COMMITTEE 2: LYMPHOMA Current State of the Science
HCT cures a subset of patients with relapsed/refractory non-Hodgkin lymphoma and diffuse large B cell lymphoma (DLBCL) is the second-most common indication for autologous HCT (AuHCT) worldwide. Efforts to reduce relapse rates after AuHCT for lymphoma include offering HCT earlier in the disease course. A recently published large randomized trial provides evidence, via a subset analysis, for the efficacy of AuHCT in CR1 for high-risk DLBCL [11] . High-risk DLBCL, such as "double hit" (DH) lymphoma and the activated B celletype lymphoma (ABC), is being identified earlier [12] . AuHCT is offered in CR1 to younger patients with mantle cell lymphoma (MCL), but is not curative. Ibrutinib will improve progression-free survival (PFS) after AuHCT for patients with relapsed or refractory ABCsubtype DLBCL.
Background
The 2 distinct subtypes of DLBCL, germinal center B cellelike and ABC [13] , have significantly different 5-year survival rates of 60% versus 35%, respectively, with frontline chemotherapy with rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone (R-CHOP). AuHCT for relapsed and refractory DLBCL yields 2-year PFS and overall survival rates of 48% and 65%, respectively, for patients with chemotherapy-responsive disease [14] . Disease progression after AuHCT remains the primary cause of failure. Ibrutinib is a selective inhibitor of Bruton's tyrosine kinase that achieves responses in patients with lymphoid malignancies, including those with heavily pretreated ABC-type DLBCL [15e17].
Trial design
The committee proposed a randomized, placebocontrolled phase III study in patients receiving AuHCT for ABC-type DLBCL that is chemosensitive to salvage therapy. Patients would be randomized to receive ibrutinib or placebo. Ibrutinib would start during the pretransplantation conditioning period and continue through 12 months after HCT. Patients who progressed on the placebo arm would be allowed to receive ibrutinib. The methodology to be used for determining the cell-of-origin (gene expression profiling, immunohistochemistry algorithms, or nanostring technologies) would be specified before trial initiation.
Feasibility and logistics
A Center for International Blood and Marrow Transplant Research (CIBMTR) query found that between 2009 and 2012, 770 patients per year with relapsed DLBCL underwent AuHCT. Assuming that 50% of these patients are of ABC subtype, approximately 335 patients per year will be eligible. Assuming that 1 of 3 patients is eligible and will participate, accrual of 100 patients per year is feasible. A sample size of 300 patients accrued over 3 years, with 2 years of follow-up, would provide 85% power to detect a clinically meaningful increase in PFS (hazard ratio of 1.6), assuming a median PFS of w24 months in the placebo arm [18, 19] . AuHCT for previously untreated patients with DH DLBCL during first response (CR1 or PR1) will have improved 2-year PFS compared with DH DLBCL patients who receive conventional therapy only.
Background
DLBCL patients who express concurrent MYC and BCL2 translocation or DH lymphoma have a dismal outcome. Reported 3-year PFS rates range from 39% to 45%, with a 5-year PFS of 18% [20, 21] . There are no controlled trials evaluating the impact of AuHCTearly in the disease course. In a multicenter retrospective study of >100 DH lymphoma patients, R-EPOCH was superior to R-CHOP in achieving CR1. Additionally, AuHCT in CR1 was associated with improved survival [22] . A prospective study evaluating dose-adjusted R-EPOCH followed by AuHCT in first response would help define optimal treatment.
Trial design
The committee proposed a single-arm phase II study. The primary endpoint would be 2-year PFS. Eligibility would include patients with newly diagnosed DH DLBCL, identified by fluorescein in situ hybridization. Confirmation of the dual rearrangement of MYC and BCL2 would be done via a central lab performing fluorescein in situ hybridization analyses. One cycle of chemotherapy would be allowed before starting R-EPOCH induction. After induction and up to 6 cycles of consolidation, patients in PR1 or CR1 would proceed to AuHCT.
Feasibility and logistics
In 2013, w21,000 cases of DLBCL were diagnosed. Approximately 25% of these cases carried DH mutations. Assuming a baseline 2-year PFS of w 38%, a sample size of 46 patients would allow detection of improvement to 58% with 90% power and an a of .05. It is estimated that accrual could be completed in less than 2 years. 
Background
Median overall survival of patients with newly diagnosed MCL is 4 to 5 years with conventional chemotherapy [23] .
Common induction regimens include R-CHOP or cytarabinecontaining regimens, with younger patients often offered AuHCT in CR1 [24, 25] . Recent reports show that maintenance rituximab after R-CHOP prolongs remission and reduces the risk of death in older patients [26] . Additionally, maintenance rituximab prolongs PFS after AuHCT, with 2-year PFS rates approaching 90% [27] . Bendamustine/rituximab (BR) is an increasingly used regimen conferring CR rates of w50% with less toxicity than R-CHOP in newly diagnosed MCL [28] . The most common postremission approaches after BR induction consist of maintenance rituximab and/or AuHCT. There are no prospective studies of either approach (after BR) and no randomized comparison of maintenance rituximab after conventional therapy versus maintenance rituximab after AuHCT in patients who achieve CR1. Ibrutinib is also highly active in patients with relapsed/refractory MCL with response rates of approximately 70% [29] .
Potential trial designs
The committee discussed several possible study designs. One concept involved performing AuHCT for MCL in CR1 and then randomizing patients to maintenance rituximab versus maintenance ibrutinib. The induction regimen would not be specified. The hypothesis is that maintenance ibrutinib would significantly extend 2-year PFS over maintenance rituximab. Another concept involved giving previously untreated MCL patients 6 cycles of BR induction followed by randomization to either AuHCT after by maintenance rituximab or maintenance rituximab alone. The hypothesis is that outcomes will be equivalent between AuHCT with maintenance rituximab versus maintenance rituximab alone. Potential pitfalls of this concept include the requirement for patients to enroll at the time of diagnosis, at which time they may not be at a transplantation center. Also, high-dose cytarabine is not part of the planned induction and some investigators may not feel comfortable offering BR as induction therapy. Although the above 2 concepts attempt to answer relevant questions, robust point estimates are currently not available in the literature to accurately project effect sizes.
Feasibility and logistics
A CIBMTR query showed that the numbers of MCL patients who underwent AuHCT in CR1 in 2011 and 2012 were 412 and 397, respectively. Thus, depending on the sample size of a proposed trial, a sufficient number of CR1 MCL patients may be eligible for such a trial. Both HCT physicians and lymphoma physicians would need to reach consensus regarding specific populations, indications, and timing of AuHCT and the potential role of maintenance therapy after AuHCT before a large MCL trial involving AuHCT could be successfully launched.
Summary of Discussion
There was considerable enthusiasm for Strategy 1, evaluating the role of ibrutinib added to AuHCT for patients with ABC DLBCL. Strategy 2 also was felt to be meritorious. There was less enthusiasm for Strategy 3, for reasons described in the sections on trial design and feasibility. The Myeloma SOSS committee also felt that defining whether risk-adapted therapy (prognostic index þ response) can be used to guide therapy is an important goal. Studies might address whether "depth of response" based on multiparameter flow cytometry or polymerase chain reaction (PCR) predicts outcome, and whether a myeloma risk profile þ "depth of response" can guide subsequent therapy (ie, need for highdose consolidation or continued maintenance) [30, 31] . Finally, the committee noted that disease recurrence/progression is the single most important cause of treatment failure and continued development of post-HCT therapies that reduce the risk of progression should be the focus of future research. Among the strategies being considered are new agents for post-HCT maintenance, new strategies for allogeneic HCT, and novel antimyeloma vaccines. 
Background
Although existence of a graft-versus-myeloma effect is well documented, the role of allogeneic HCT in MM remains to be defined. In the upfront setting, most prospective trials failed to show a benefit for allografting as consolidation of an initial remission including the BMT CTN trial, 0102, which compared a tandem AuHCT approach with AuHCT followed by allogeneic HCT. Notwithstanding, long-term disease control and cures can be obtained with this approach, even in patients who have failed primary therapy [32] . Moreover, long-term follow-up of BMT CTN 0102 suggests that relapse rates may be decreased after a RIC allograft in patients with high-risk disease. Bortezomib is a proteosome inhibitor that has significant antimyeloma and immune modulatory activity. In phase II trials, bortezomib can reduce the risk of grades 2 to 4 graft-versushost disease (GVHD) in the HLA-mismatched setting [33] . Ixazomib (MLN9708) is a next-generation, small-molecule, boronate proteasome inhibitor that can be given orally once a week.
Trial design
The committee endorsed a randomized phase II trial, already in development by BMT CTN, that will explore the role of 2 proteosome inhibitors (bortezomib and ixazomib) in preventing disease recurrence after allogeneic HCT in patient with high-risk MM [34] . This trial incorporates bortezomib in a RIC regimen to reduce the risk of GVHD and improve myeloma control. After allogeneic HCT, patients are randomized to receive either placebo or the novel oral proteasome inhibitor ixazomib as maintenance therapy. The primary objective is to improve 18-month PFS in patients with high-risk myeloma (high-risk cytogenetics or first relapse after AuHCT) from 50% to 75%.
Feasibility and logistics
High-risk MM patients with an early relapse after autografts form a group for which all current therapies are suboptimal. Approximately 20% to 25% of AuHCT recipients will relapse within 2 years. A subset of these patients (based on age, performance status, effectiveness of second-line therapy) will be eligible for the proposed trial. Because there are > 6000 AuHCTs for MM annually in the United States, we expect there will be at least 500 post-AuHCT patients eligible each year. High-risk patients identified at diagnosis (by genetic tests) account for 20% of all patients with MM and another group eligible for this trial. Although this trial will compete with several non-HCT trials, we expect that at least 30% of newly diagnosed high-risk MM patients will be offered this trial. Patients enrolled in alternative nontransplantation trials would also be eligible for the 1302 trial at progression. Allogeneic HCT is not commonly performed for treatment of myeloma with approximately 100 transplantations per year, according to the CIBMTR. BMT CTN centers were surveyed to understand the challenges and local practices. The 5 centers with the highest transplantation activity for this indication were included in the survey. The 2 most common reasons for not proceeding to transplantation were insurance denials and lack of a clinical trial. Twenty-nine centers confirmed interest in participating in BMT CTN 1302, with a total estimated accrual rate of 100 patients per year.
Strategy 2: Multicenter Trial Exploring the Safety and Efficacy of a Plasma CelleDendritic Cell Fusion Vaccine Hypothesis
Dendritic celleplasma cell fusion vaccination in the post-HCT setting will enhance antimyeloma immunity, producing higher response rates and improved disease control.
Background
The immune system is known to play an important role in myeloma progression and control. Recently some myeloma vaccine trials have shown promising clinical results. Particularly encouraging is the approach described by Avigan et al. utilizing a plasma celledendritic cell fusion product [35] .
Trial design
The committee endorsed a randomized phase II study of post-HCT vaccination. This trial is already in active development and is proposed to be performed in 2 stages: (1) screening to collect plasma cells for vaccine production, and (2) randomization to either post-HCT lenalidomide versus post-HCT lenalidomide þ fusion vaccine administered 30 days after HCT and after the second, third, fourth, and 12th lenalidomide maintenance cycles. The primary endpoint is an increase in CR rates from 40% to 60% at 18 months (20% effect size). To detect this effect size with a type I error of .1, the trial will need 120 randomized patients. A 30% drop out rate at the screening stage is expected, requiring enrollment of 170 patients.
Feasibility and logistics
Standardized vaccine production is the main barrier to be overcome for successful implementation of this protocol. Avigan et al. have shown that it is possible to export the vaccine production technology to other sites with Good Manufacturing Practice capabilities. Thus, this protocol will be limited to sites with Good Manufacturing Practice facilities that have the capacity to produce the vaccine. Likewise, vaccine production requires at least 20% plasma cells in the marrow aspirate. This means that many patients referred for transplantation will not be eligible. Proactive screening and recruitment of all newly diagnosed MM patients will be essential for successful protocol completion.
Strategy 3: Evaluating Risk-Adaptive Therapy for Multiple Myeloma
The committee discussed the design of a definitive trial addressing the role of risk-adaptive therapy for myeloma but concluded that this should be deferred until the current early versus late HCT trial completes accrual and the results of BMT CTN 0702 (single AuHCT with/without revlimid, velcade, dexamethasone (RVD) consolidation versus tandem AuHCT with maintenance therapy) and the long-term follow-up data of patients on lenalidomide maintenance in Cancer and Leukemia Group B 100104 are available.
Summary of Discussion
The BMT CTN has a robust myeloma portfolio at this time and is addressing the compelling question of optimal timing of AuHCT for patients with standard-risk disease. There was strong enthusiasm for Strategies 1 and 2, which will address important issues such as the role of allogeneic HCT and the use of a novel immune-therapeutic strategy to ameliorate progression after AuHCT. The committee endorsed the concept that follow on studies to the current BMT CTN portfolio should explore the concepts of risk-adapted therapy and further development of novel immune-therapeutic strategies. Future protocol development should take into consideration results from currently active clinical trials being conducted worldwide.
COMMITTEE 4: NONMALIGNANT DISEASES IN ADULTS Current State of the Science
Nonmalignant diseases account for just 5% of HCT activity. One half to two thirds of the procedures are performed for a broad range of inherited diseases of the blood and immune system in children. Most of the remaining are performed for marrow failure, about one half in children. Over the last 15 years, through numerous early-phase observational or small randomized clinical trials, HCT has proven a feasible and powerful tool for repairing diseases characterized by dysfunctional hematopoiesis and immunity. Despite the potential to mitigate these often highly morbid or severe life-threatening conditions, they remain orphan HCT indications. Well-designed, randomized trials could help establish the role of HCT in mainstream clinical practice, to the benefit of patients. This committee examined adult nonmalignant disease indications that would be appropriate for multicenter HCT clinical trials.
Strategy 1: HCT for Multiple Sclerosis (MS) Hypothesis
High-dose cytotoxic therapy with AuHCT will improve control of relapsing-remitting MS.
Background
Patients with highly active MS achieve long-term freedom from inflammatory activity and sustained accumulation of disability (SAD) after AuHCT without the need for ongoing immunotherapy. Despite evidence of effectiveness provided by the outcome of a combined CIBMTR and European Society for Blood and Marrow Transplantation registry follow-up study [36, 37] and numerous phase II clinical trials [38] , wide-spread use of HCT in MS is hindered by the lack of comparison to current costly immunosuppressive agents.
Trial design
The committee proposed a randomized phase III trial in patients with highly active, relapsing-remitting MS and who have moderate disability and have failed at least 1 conventional disease-modifying drug to test whether ablative conditioning followed by AuHCT will result in better outcomes than the best available nontransplantation therapy. The primary endpoint would be 3-year inflammatory disease-free survival (DFS) (absence of clinical relapses, absence of gadolinium-enhancing lesions, and absence of new T2 lesions on magnetic resonance imaging scan). Secondary endpoints would include freedom from SAD, sustained improvement in disability, quality of life (QOL), and costeffectiveness. Sixty patients per arm are required to detect absolute improvement in inflammatory DFS from 60% to 80%, assuming 90% power with P ¼ .05. An extension study would examine 5 to 7 year freedom from SAD and responses to subsequent treatment for patients failing the study treatment.
Feasibility and logistics
Although there are currently more than 300,000 patients with MS in the United States, fewer than 50 each year undergo AuHCT. Patient recruitment could be an issue, highlighting the importance of developing a referral network whereby MS patients are sent to a defined number of study centers with expertise in both MS and HCT.
Strategy 2: Alternative Donor HCT for Aplastic Anemia Hypothesis
Optimizing the conditioning regimen used for umbilical cord blood and haploidentical bone marrow transplantation for aplastic anemia will result in outcomes similar to those of unrelated adult donor bone marrow transplantation.
Background
Survival after HLA-matched unrelated donor transplantations for aplastic anemia now exceeds 80% [39, 40] , leading to increased HCT referrals of patients failing immunosuppressive therapy. However, up to 40% of otherwise eligible patients, especially minorities, do not have HLAmatched adult donors. Historically, outcomes with alternative donors have been poor [41, 42] . More recently, dose-and timing-optimized administration of antithymocyte globulin, along with a slight increase in total body irradiation (TBI) dose (from 2 to 4 Gy) has produced consistent engraftment of alternative donor cells in pilot studies [43] . This affords the possibility of offering HCT to more patients with aplastic anemia.
Trial design
The committee proposed a phase I/II study of HCT for aplastic anemia using haploidentical and cord blood donors, building upon the recently completed BMT CTN 0301 trial that optimized cyclophosphamide dosing for unrelated donor marrow transplantations. This new trial would first optimize antithymocyte globulin dose and timing and then optimize TBI dose, to minimize exposure. The primary endpoint would be 1-year graft-failureefree survival. The statistical design would be finalized after analysis of BMT CTN 0301 in late 2014, building on the latest available data.
Feasibility and logistics
Aplastic anemia is a rare disease and not all patients require transplantation. In 2012, there were 103 matched sibling donor, 98 unrelated donor, and 10 cord blood transplantations for aplastic anemia in the United States. This trial proposal targets the small fraction of the aplastic population without an HLA-matched adult donor. BMT CTN 0301 required more than 30 sites to enroll 94 patients over a period of 9 years. Thus, we anticipate that this trial would require a national and possibly international initiative and more than 5 years for accrual of a sufficient sample size; however, the BMT CTN is the only venue that will allow evaluation of HCT techniques in this disease.
Strategy 3: HCT for Sickle Cell Disease Hypothesis
Allogeneic HCT will improve long-term survival of young adults with severe sickle cell disease (SCD).
Background
Supportive care allows most children to survive to adulthood, but young adults with severe SCD experience rapid disease progression and premature mortality. HLAmatched sibling donor HCT has curative potential but is applied sparingly. A Cochrane review identified the need for a randomized controlled clinical trial to assess its risks and benefits [44] . Although trials of allogeneic HCT for children with SCD exist, there is limited experience using HCT in adults. The CIBMTR database records only 42 transplantations in adults (!21 years) for SCD in the period between 2008 and 2012 [45] . Limited donor availability, regimen-related toxicity, GVHD, and high graft rejection rates have been problematic but may be overcome by refinements in HCT approach [46] .
Trial design
The committee proposed a phase III trial comparing HCT with non-HCT therapy for young adults with SCD, using a biologic assignment approach to treatment allocation, based on availability of an HLA-matched related or unrelated donor.
Feasibility and logistics
Technical issues, such as sibling and unrelated donor availability, the high rate of graft rejection, concern about GVHD, and the influence of patient comorbidities resulting from complications of SCD all affect the feasibility of this trial. The details of the transplantation regimen would need to wait for the outcome of several currently ongoing feasibility trials. Furthermore, trial enrollment may be affected by caution on the part of patients and their primary care physicians.
Summary of Discussion
Strategy 1, defining the role of AuHCT for MS, garnered significant support and was felt to be a high priority for the network in the near future. Concerns were raised about recruitment and the need to engage the neurology community. It was recognized that Strategy 2, improving the outcome of alternative donor transplantation for aplastic anemia, was important and only feasible through the BMT CTN. The importance of the unmet clinical need in SCD addressed by Strategy 3 was acknowledged. It was felt that a trial in SCD should be prioritized as soon as the outcomes of current feasibility trials become available.
COMMITTEE 5: PEDIATRIC INDICATIONS FOR HCT Current State of the Science
The most common indication for HCT in children is acute lymphoblastic leukemia (ALL). Leukemia relapse remains the most common cause of failure after HCT for childhood ALL. Relapse is especially common in patients who have minimal residual disease (MRD) before HCT and who do not develop acute GVHD, a group that forms a sizable population available for clinical trials of novel interventions.
Allogeneic hematopoietic cells provide a source of enzyme for children with inborn errors of metabolism (IEM) and can ultimately prevent or ameliorate disease manifestations. However, neurological worsening can continue during the first post-transplantation year before underlying central nervous system (CNS) inflammation abates. Arresting disease progression in these patients could improve longterm neurologic outcomes.
Strategy 1: Post-HCT Intervention to Prevent Relapse in Patients with ALL Hypothesis
Relapse after HCT for B cell ALL can be decreased by early administration of antieB cell therapies that do not depend upon functional adaptive immunity, followed by maintenance therapy through the first year after HCT, when relapse risk is highest.
Background
Patients who do not develop acute GVHD by day þ55 are at increased risk of relapse, especially if they have MRD before HCT. According to CIBMTR data, 2-year relapse rates are higher in children (31%) and adults (36%) without acute GVHD compared with children (19%) and adults (26%) with grades I to II acute GVHD. High pre-HCT MRD adds to this risk (67% versus 35%) [47] . CIBMTR data from 2008 to 2012 [45] and other studies [47] show that >90% of acute GVHD after HCT with myeloablative conditioning occurs by day þ55. Thus, a population at high risk for relapse can be identified within 2 months of HCT. Because immune reconstitution is incomplete early after HCT, agents that do not require the adaptive immune system for efficacy are ideal for this setting. Moxetumomab and inotuzumab are 2 of several anti-CD22 or anti-CD19 conjugated immunotoxins with differing mechanisms that have shown impressive single-agent activity in refractory B cell ALL.
Trial Design
The committee proposed a 3-arm randomized phase II protocol comparing post-HCT therapy with each of the 2 conjugated immunotoxins with a placebo control. Eligibility would include children and adults undergoing noneT celledepleted transplantation from any type of donor after myeloablative conditioning for B cell ALL who are alive without organ failure or acute GVHD at day þ55. Patients would be stratified by pre-HCT MRD status and stem cell source. Therapy would continue for 9 months. According to CIBMTR data, 2-year DFS of children and adults not developing acute GVHD by day þ55 is 59% and 47%, respectively (overall 53%). We hypothesize that the 2-year DFS would improve from 53% to 70%. To test 2 agents against a control with 80% power at the 1-sided a ¼ .10 level for each comparison [48] , 255 patients will be needed.
Feasibility and logistics
CIBMTR data show 285 patients per year undergoing HCT with myeloablative conditioning for non-Philadelphia þ B ALL alive with no acute GVHD at day þ55. We assume 71 per year (25%) would enroll, leading to an accrual time of 3.6 years. Modification of the study design to test agents sequentially with possible expansion to a phase III trial for a given agent if screening criteria are met could be considered, depending upon availability of agents and feasibility of comparative trials.
Strategy 2: Phase II Trial to Assess the Efficacy of Etanercept/Celecoxib in Preventing Post-HCT Neurological Progression in Children with IEM Hypothesis Children with IEM who receive CNS-active anti-inflammatory agents before and after HCT will experience reduced demyelination and better neurological outcomes.
Background
Myelination is essential for normal brain function and is a cornerstone of human neurodevelopment [49] . Disease stabilization after HCT in IEM patients is dependent upon engraftment of donor-derived microglia, which occurs slowly over the first post-HCT year. Disease progression/ demyelination occurring the first year after transplantation is common and thought to be related to persistent CNS inflammation caused by accumulation of toxic metabolites from the underlying disease process. Preclinical studies show that this inflammation is mediated by TNF-a and through the COX-2 pathway [50] . Coadministration of agents blocking these pathways improves myelination in animal models of these diseases.
Trial design
The committee proposed a phase III trial in patients with IEM randomizing patients to receive etanercept þ celecoxib before and after allogeneic HCT versus not. The primary endpoint would be change in myelination from pre-HCT baseline to 6 months measured after HCT by magnetic resonance imagingebased quantitative susceptibility mapping [51] . Twenty-nine patients in each arm would provide 80% power with a 2-sided a ¼ .05 to detect a .75 standard deviation difference.
Feasibility and logistics
CIBMTR data show that 47patients with these diagnoses undergo HCT annually. Assuming a participation rate of 40%, accrual could be completed in 3 years. One potential problem is the reluctance to randomize to the control arm, as the experimental agents are readily available outside the research setting.
Summary of Discussion
There was strong support for the post-HCT relapse prevention strategy in ALL because of compelling preliminary data and simplicity of design, although safety data for specific agents given as early as 2 months after HCT are lacking. The discussion group also encouraged the inclusion of adults in this study. There was less enthusiasm about the IEM proposal because of the possibility that inflammation may be needed after HCT to facilitate engraftment and, possibly, for establishment of donor-derived microglia in the CNS. It was felt that more preliminary data are required to justify this approach.
COMMITTEE 6: PEDIATRIC OUTCOMES Current State of the Science
Most pediatric HCT recipients are surviving long-term but long-term toxicities are a problem, especially those linked to glucocorticoid therapy for GVHD, particularly chronic GVHD. Specific strategies are necessary to deal with GVHD in children, as opposed to allowing accrual of modest numbers of older children onto GVHD trials primarily focused on adults. Children may have different dosing requirements and response to therapies and brisker immune reconstitution than adults [52] . Infants and small children have increased body surface area to weight ratios relative to adults and, consequently, receive higher drug doses when dosed by body surface area, with potentially increased toxicity [53, 54] . Key drug metabolizing enzymes develop throughout childhood, being less active at some ages than in adults, yet more active at other ages [55] . Toxicities, such as impaired growth and disruptive behavior have increased importance in children compared with adults. These important nuances are likely to be lost when children constitute a subpopulation of a large adult study, and they likely deter enrollment of children onto adult studies. Focusing on the most promising avenues likely to improve pediatric outcomes and endpoints is necessary.
Strategy 1: Daily versus Alternate Day Dosing of Steroids in Chronic GVHD Hypothesis
Every-other day prednisone regimens lower the total cumulative dose of prednisone at 6 months and reduce toxicity.
Background
Despite being debated for 2 decades, the question of whether daily or alternate day steroid dosing is best for chronic GVHD remains unanswered. The committee conducted a survey that showed that 54% of respondents use alternate day and 46% use daily steroids, confirming lack of agreement. The case for alternate day dosing derives from old, poorly controlled literature comprising, primarily, case series in non-HCT populations. An answer to this question could not only unify practice but also inform the design of future clinical trials intent on testing novel steroid-sparing agents.
Trial design
The committee proposed a randomized phase II trial comparing daily to alternate day steroids for chronic GVHD, with specified criteria for proceeding to phase III. Both arms would follow specified taper schedules, unless over-ridden by patient tolerance. The primary endpoint will be a comparison of body mass index Z-scores between children in each arm at 6 months. Demonstration of a .5 reduction would require about 150 patients (75 per arm). Secondary endpoints would evaluate steroid toxicities via calendar-driven measurements of bone health (development of avascular necrosis, or dual-energy x-ray absorptiometry (DEXA) scan Z-scores <À2.0), anthropometry (height velocity, total body fat by DEXA scan, arm-muscle area changes over time), number and type of behavioral interventions, myopathy (5-point manual muscle test and other simple physical therapy tests), number of medicines to control hypertension, hyperglycemia, and infection rates (invasive fungal, viral, bacterial).
Feasibility and logistics
Sample size estimates are based on the desire to demonstrate a .5 reduction in body mass index Z-score.
There are approximately 300 children with chronic GVHD diagnosed annually. Enrollment of 20% would allow accrual of the necessary sample size in fewer than 2.5 years. A survey of tapers prescribed by 3 representative pediatric institutions suggests similar total prednisone exposures regardless of schedule, suggesting that a trial addressing schedule, without confounding by dose, is feasible.
Strategy 2: Bortezomib for the Prevention of Acute GVHD Hypothesis
Three doses of bortezomib given on days 1, 4, and 7 after transplantation will reduce the incidence of acute GVHD by 50% in children receiving transplantation with myeloablative conditioning.
Background
A study in adults suggests that the incidence of acute GVHD can be reduced and immune reconstitution improved with use of bortezomib in the early post-HCT period [33] .
Trial design
The committee proposed a randomized phase II trial enrolling children up to age 18 years old undergoing allogeneic umbilical cord, blood, or marrow transplantation after a myeloablative preparative regimen. Patients would receive either a standard calcineurin inhibitor (CNI) plus methotrexate or mycophenolate mofetil regimen or a similar regimen with the addition of bortezomib on days þ1, þ4, and þ7. The primary endpoint would be incidence of acute GVHD at day 100. Given an expected grade 2 to 4 acute GVHD rate of 50%, the goal is to reduce grades 2 to 4 GVHD to 25%, which would require 74 patients per arm. Secondary endpoints would include extensive chronic GVHD and time to recovery of normal lymphocyte counts.
Feasibility and logistics
CIBMTR data indicate that there are 300 eligible children annually. If 75 enroll per year, accrual could be completed in 2 years.
Summary of Discussion
The importance of developing methods to reduce late toxicities associated with prolonged steroid use in children is clearly recognized. The facts that steroids are widely used and that there are no studies defining the best approach make Strategy 1 of great interest and this proposal was met with high enthusiasm. There was less enthusiasm for Strategy 2, based, in part, on the view that the wide variability in stem cell sources (cord, related, unrelated), preparative regimens and disease types required to allow the study to be conducted in a timely fashion could obscure any possible benefit of the experimental intervention.
COMMITTEE 7: OPTIMAL DONOR AND GRAFT SOURCE Current State of the Science
The lack of histocompatible graft sources is a major limitation to the treatment of hematological or immune disorders with allogeneic HCT. Post-transplantation cyclophosphamide (PTCY) prevents GVHD lethality of HLA-disparate, noneT celledepleted related donor HCT in myeloablated hosts, and it produces outcomes similar to those of HLA-matched volunteer donor transplantations.
Background
PTCY controls alloreactivity safely and effectively across HLA disparity [56, 57] . Although mostly utilized after nonmyeloablative conditioning, the 1-year survival is !60% in younger patients after ablative conditioning [58] . An adult relative who shares 1 HLA haplotype is almost universally available for patients without an HLA-matched donor; availability of the latter type of donor is limited, particularly for patients from minority populations.
Trial design
The committee proposed a single-arm phase II study of HCT with conditioning including myeloablative doses of TBI or busulfan, haploidentical marrow or blood stem cell grafts, and PTCY followed by tacrolimus/mycophenolate mofetil maintenance. The population would include patients 60 years of age with adequate organ function, low comorbidity, and hematologic malignancies in CR or with minimal disease. Primary endpoint is 1-year survival. With a sample size of 62, the 2-sided 90% confidence interval of 1-year survival is 50% to 70%, and the power is 84% to rule out a survival of <43% with a 2-sided a ¼ .10. An exploratory analysis will compare survival of trial patients with HLA-matched unrelated donor HCT recipients from the CIBMTR database.
Feasibility and logistics
Based on experience with BMT CTN 0603, which evaluated use of PTCY and haploidentical donors with RIC and accrued rapidly, and the wider use of myeloablative than RIC regimens, the study is expected to complete accrual within 18 months. 
Background
Cord blood engraftment is delayed and graft failure is more frequent than it is after adult donor allografts, contributing to increased patient morbidity and mortality. Eight ongoing trials address this unmet need (see Table 3 ). The first 3 in the table are in more advanced stages of development.
Recommendation
Because of the relatively scarce population of adult patients receiving cord blood transplantation, the committee recommended that BMT CTN and other cord blood investigators collaborate to enroll eligible patients onto 1 or more of these potentially practice-changing open trials to facilitate timely completion. Suggested criteria for the most promising strategies are: (1) favorable single-center data, (2) likely to improve transplantation effectiveness and resource utilization, (3) exportable, (4) applicable to children and adults, and (5) effective independently of conditioning or immunosuppression regimens. The probability of identifying a permissive DPB1 mismatch (or DPB1 match) increases from 70% without DPB1 typing to 90% by testing up to 10 donors per patient.
Background
More than 80% of unrelated donors matched for HLA-A/B/ C/DRB1 are mismatched for DPB1 alleles sharing a T cell epitope (TCE) that are poorly stimulatory (permissive), whereas others are stimulatory (nonpermissive) [67] . Mismatching for nonpermissive DPB1 alleles is associated with a w15% increase in mortality risk after transplantation [68, 69] . Identifying a donor that is matched or has a permissive mismatch at DPB1 could improve survival by w5%.
Trial design
The committee recommended a prospective single-arm trial in which DP testing would be done on multiple donors (for patients with multiple A, B, C, and DRB1-matched donors) to determine how many patients find a donor with a permissive-DPB1 mismatch and how many donors should be typed based on the patient DPB1 TCE. A sample of 460 patients would provide 99% power to test the primary hypothesis that the probability of a permissive mismatch increases from 70% to 90% with alpha of .05 and allow adequate subset analyses by TCE groups. For example, there will be 95% power with alpha of .02 to detect an increase in the probability of a permissive mismatch from 7.8% to 30% in the rarest TCE-subset. The protocol will also consider donor age, gender, and cytomegalovirus (CMV) serology and their influence on donor selection. Patient and donor DNA also could be used for studies of other gene complexes, such as the killer immunoglobulin-like receptors [70, 71] .
Feasibility and logistics
A retrospective study addressing similar questions would require substantially fewer resources.
Summary of Discussion
Based on available preliminary data, there was considerable enthusiasm for Strategy 1. Likewise, the committee generally agreed with the approach described in Strategy 2; there is a great need to improve the outcome of cord blood transplantation and several of the trials underway show promise. Given that these studies are already established and accruing, it is reasonable for the BMT CTN to encourage its members to participate in the most promising studies. Although Strategy 3 had merit, it was felt that similar information might be gained with fewer resources by doing a retrospective study.
COMMITTEE 8: GVHD Current State of the Science

GVHD prophylaxis
An optimal GVHD prophylaxis regimen would effectively prevent both acute and chronic GVHD while allowing an effective graft-versus-tumor response and prompt immunologic reconstitution. BMT CTN 1203 and 1301 are designed to test new strategies previously developed in single institutions; accrual to these trials, projected to complete in 2015 and 2017, respectively, should have highest priority. Other strategies developed during the next 5 years could be similarly adopted for testing in BMT CTN trials.
Acute GVHD therapy
BMT CTN 0302 and 0802 (the latter closed for futility) failed to identify a strategy superior to single-agent prednisone to ameliorate the inflammatory effects of acute GVHD while avoiding the mortality of severe immunosuppression. This remains an important goal.
Chronic GVHD therapy
BMT CTN 0801 is a phase II/III study based on the hypothesis that avoidance of CNIs in the treatment of chronic GVHD might facilitate tolerance and improve GVHD response rates compared with conventional CNI-containing immunosuppressive therapy. After interim analysis of data from the phase II portion of this trial, it was decided to discontinue accrual, although patients are being followed for the established phase III endpoints. While awaiting these data, additional agents may be tested in phase II studies.
Strategy 1: Validation of a Biomarker/Clinical Scoring System to Identify Patients at High and Low Risk of Response to Current Acute GVHD Therapy Hypothesis
Patients can be segregated at diagnosis of acute GVHD into 2 or more groups with different likelihoods of response to therapy using currently available clinical and laboratory assessments.
Background
Therapy trials are limited by the inability to determine prognosis accurately at onset of acute GVHD. The original grading system correlated nonrelapse mortality (NRM) with maximal GVHD grade, which is affected by the response to treatment. Dichotomization into standard risk or high risk at the onset of GVHD is done implicitly in many centers and was formalized recently by the Minnesota group [72] . The Minnesota system identifies 15% of patients as high risk (with 41% versus 18% 6-month NRM) with similar findings in several independent cohorts from BMT CTN 0302, 0802, and 2 large centers (n ¼ 1718). A newly described Ann Arbor grading system [73] uses clinical features and biomarkers in an algorithm that assigns patients into 3 risk groups containing 35% (low risk), 40% (intermediate risk), and 25% (high risk) of patients. The algorithm discriminated the 3 risk groups in 2 separate validation cohorts. The highest risk category was associated with 45% NRM at 6 months. The algorithm was validated in 2 datasets, 1 from 2 centers, and another including 300 patients from BMT CTN 0302 and 0802 who had plasma samples available.
Trial design
The committee proposed that a study be conducted in conjunction with BMT CTN 1202 (Prospective Multi-Center Cohort for the Evaluation of Biomarkers Predicting Risk of Complications and Mortality Following Allogeneic HCT) to validate a biomarker-based approach to risk stratification in protocols 1203 and 1301. Validation of the Ann Arbor grading system or any other prognostic factors would have important implications for future clinical trials testing new approaches for treatment of acute GVHD. Accurate identification of highrisk patients at the onset of GVHD would make it feasible to accrue patients to trials testing experimental agents in smaller phase II trials with a robust endpoint of 6-month NRM. Simultaneously, accurate identification of low-risk patients would make it feasible to test whether lower or no glucocorticoid doses (or other approaches) could control GVHD while minimizing steroid-related complications. The general strategy is outlined in Figure 1 .
Strategy 1A: Develop an Approach to Identify Patients at High Risk of Life-threatening Acute GVHD and Enroll Them in Serial Studies of Agents that Work in Synergy with Prednisone Hypothesis
Addition of agents to prednisone will increase the effectiveness of therapy for newly diagnosed high-risk acute GVHD.
Trial design
Agents such as natalizumab, tofacitinib, abatacept, mesenchymal stem cells, extracorporeal photopheresis, and/ or others can be tested sequentially in the high-risk cohort. Figure 1 . The overall trial design depends on assignment to a high-or low-risk group based on GVHD grade and biomarkers. High-risk patients will be treated with prednisone, and new agents will be serially studied by addition to standard prednisone therapy. Low-risk patients will be randomized between a prednisone monotherapy or 1 of several single-agent nonsteroid alternatives.
In a randomized phase II trial of 1 to 2 agents compared with control, assuming a day 28 CR rate of 15%, using 1-sided significance level of 15%, with 85% power to detect an increase in day 28 Patients with low-risk GVHD can be effectively treated with lower doses of immune suppression that minimize toxicity.
The committee proposed a study to randomize primary therapy of acute GVHD to prednisone or sirolimus [75] basiliximab or another agent to determine whether a nonsteroid-containing regimen would provide equivalent control of GVHD with less corticosteroid-related toxicity. A randomized phase II trial of a new agent compared with control in low-or intermediate-risk patients, assuming a day 28 CR rate in the range of 40% to 65%, using 1-sided significance level of 15%, with 85% power to detect an increase in day 28 CR rate to 75%, would require 58 patients per group.
Feasibility and logistics
High-risk GVHD occurs in 15% to 25% of patients and lowrisk GVHD occurs in 35% to 40% of patients; therefore, there is likely to be an adequate population to study. The design requires tight correlation with BMT CTN 1202 and real-time biomarker information. Critical to the success of this design is sufficient flexibility to allow serial studies that will facilitate rapid assessment of several drugs. Criteria to choose study drugs will include completion of phase I or II testing, a rational basis for targeting GVHD, known activity in an immunologic or inflammatory disorder, and drug availability.
Strategy 2: Evaluation of Novel Agents for Chronic GVHD Background
There are candidate drugs studied outside of the BMT CTN that may be useful in the therapy of chronic GVHD. Interleukin-2 has phase I/II data that support a trial in early onset chronic GVHD [76] . Proteasome inhibitors have activity, but the drug, schedule, and timing need to be assessed [77] . Ibrutinib has activity that is theoretically interesting and a pilot study has been organized. Additional drugs can be evaluated once there are adequate preliminary data.
Summary of Discussion
Although there are considerable logistic concerns, the overall proposed strategies generated a high level of enthusiasm. Ways to diminish some of the barriers are discussed by Committee 13 (Clinical Trial Design).
COMMITTEE 9: CELL AND GENE THERAPY State of the Science
Cell therapy has made rapid recent progress with immunotherapy being designated as the "advance of the year" by Science in 2014 [78] . In 2010, BMT CTN sponsored a meeting on CD19 chimeric antigen receptor (CAR) strategies [79] . Initial reports showing activity in lymphoma and chronic lymphocytic leukemia were published in 2010 and 2011 [80, 81] . In the last year, several papers [82, 83] showed even more encouraging response rates in ALL, resulting in the first 2 cell therapy proposals approved by BMT CTN for further development. These studies will evaluate T cells genetically modified to express CARs specific for CD19 in relapsed ALL after transplantation [83] or in patients with active disease to induce remission and enable transplantation. Multicenter cell and gene therapy studies have particular challenges as they require Investigational New Drug applications as well as production and shipping of cells, clinical grade vectors, and identification of sources for crucial ancillary reagents.
The committee reviewed a broad cadre of cell and gene therapy approaches for translation to future BMT CTN studies. There are several phase I studies evaluating regulatory T cells [84, 85] , but it was felt that more data were needed to identify the optimum cell type and clinical setting for a multicenter trial. Gene transfer to hematopoietic stem cells to treat immunodeficiency diseases is being evaluated through small ad hoc international consortia, which are the appropriate venues for such diseases. Gene therapy for b-thalassemia or SCD, however, clearly falls within the purview of BMT CTN and several phase I trials testing different strategies and vectors will soon open. Although data from these studies are needed to determine the optimal approach for later phase testing, such results may be available within the next 2 to 3 years and BMT CTN should be prepared to definitively test these strategies. Similarly, results of the 2 currently planned CD19 CAR studies will be needed to guide the design of the next study of genetically modified T cells targeting CD19. 
Background and significance
The University of Minnesota has treated more than 50 AML patients who failed standard therapy with the objective of achieving a CR as a bridge to transplantation. Data suggest that short-term success, defined as remission induction, is in the 25% to 50% range in small studies exploring different platforms [88] . One difficulty in interpreting these studies is the inability to separate antileukemia activity of the chemotherapy regimen from the NK cells. A study comparing chemotherapy AE NK cells is needed to definitively address the role of NK cells as a bridging therapy in AML with residual disease before transplantation. Additionally, we need to understand the optimal NK cell product [89, 90] .
Trial design
The committee proposed a randomized phase II study in patients with persistent refractory AML (up to 30% blasts on bone marrow within preceding 21 days) having received >2 cycles of standard induction chemotherapy. Arm 1 patients would receive lymphodepleting chemotherapy alone (cyclophosphamide 50 mg/kg Â 2 and fludarabine 25 mg/ m 2 Â 3). Arm 2 would receive the same chemotherapy but with haploidentical freshly isolated and activated NK cells.
Arm 3 would receive the same chemotherapy and ex vivo expanded NK cells. All arms would receive IL-2 (or IL-15) to promote in vivo expansion of endogenous or infused NK cells. The primary endpoint would be achievement of CR and an important secondary point would be the ability to proceed to allogeneic transplantation.
Feasibility and logistics
Assuming a baseline CR in this population of 20%, 38 patients per arm (total of 114) will result in 80% power with a 1-sided type I error of 5% to detect an improvement of 20% (20% to 40%) in the CR rate. There is a possibility of obtaining IL-15 for this trial, a cytokine believed to be superior for NK cell in vivo expansion.
Strategy 3: Phase III Randomized Trial of Autologous Epstein-Barr Virusespecific T Lymphocytes after AuHCT for Patients with EpsteineBarr encoding regionein situ hybridization (EBER-ISH)ePositive Hodgkin Lymphoma Hypothesis
Infusion of autologous cytotoxic T lymphocytes enriched against Epstein-Barr virus (EBV) type II latency antigens after AuHCT for patients with EBER-ISHepositive Hodgkin lymphoma (HL) will result in an improved event-free survival compared with control patients.
Background and significance
AuHCT achieves a 2-year PFS rate of approximately 60% in patients with relapsed HL. Approximately 30% to 40% of patients with HL are EBER-ISH positive. Adoptive transfer of latent membrane protein (LMP)-specific T cells results in increased frequency of relevant EBV-antigenespecific T cells and memory T cell populations provide sustained antitumor responses [91] .
Trial design
The committee proposed a multicooperative group randomized phase III study in patients with EBER-ISH positive HL. With 164 patients (82 per arm), considering a baseline 2-year PFS of 60% to 70%, the study has 80% or higher power to detect a 20% improvement in 2-year event-free survival at .05 significance level based on a 2-sided Z-test with binomial distribution.
Feasibility and logistics
According to CIBMTR, >800 patients per year in the United States undergo AuHCT for HL. If 25% are EBER-ISH positive, there would be 200 eligible patients per year making planned accrual of 80 to 100 feasible.
Summary of Discussion
The review of Strategy 1 is covered by Committee 11. Strategy 2 was viewed with enthusiasm because a multicenter study is the only way to compare 2 NK products that have been developed through an NCI-funded program project grant and the National Heart, Lung, and Blood Institute Production Assistance for Cellular Therapy program, but there will need to be process development to finalize the manufacturing and accessory cytokines before the study can be initiated. Although there was support for Strategy 3, which was developed through an NCI lymphoma specialized programs of research excellence, the sample size could not be calculated without knowing if the outcome after AuHCT differs for EBV-positive and EBV-negative HL patients [92] . This analysis is planned. Additionally, the analysis may be confounded if HL patients are receiving other maintenance therapies, such as brentuximab.
COMMITTEE 10: COMORBIDITY AND REGIMEN-RELATED TOXICITY Current State of the Science
Efforts to decrease regimen-related toxicity (RRT) have focused on reducing regimen intensity rather than direct prevention or early treatments. Nevertheless, mortality from pulmonary, hepatic, gastrointestinal, and other RRT remains too frequent [93] . Although a significant fraction of younger patients with hematologic cancers are offered HCT, only a small minority of those 60 years or older receive HCT, despite the higher frequency of most hematologic cancers in this age group. Objective and reliable recipient health status measures are necessary to guide decision-making about transplantation eligibility and selection of the most appropriate transplantation strategy in older patients. Additionally, early detection and evaluation of organ dysfunction after HCT holds promise to improve outcome.
Strategy 1: Improving Prognostic Assessment for Patients 60 Years and Older Undergoing Allogeneic HCT Hypothesis
Adding functional assessment and biomarkers to validated clinical indices will improve the ability to predict NRM and RRT in older patients.
Background and significance
Validated comorbidity indices (such as the HCT-specific comorbidity index, HCT-CI) substantially improved prediction of transplantation-related organ toxicities and NRM in adults undergoing allogeneic HCT [93e97] . Emerging data suggest the value of other measures to risk stratify patients including geriatric assessment (GA), which adds a functional and ability assessment, plasma biomarkers (particularly creactive protein, ferritin, and albumin), and genetic or epigenetic modifications [98e100]. We hypothesize that a composite health status risk score comprising GA, HCT-CI, and biomarkers could better predict NRM and RRT leading to improved interpretation of clinical studies, identification of populations for future investigations, better allocation of patients to different transplantation strategies, and improved HCT outcomes.
Trial design
The committee proposed a study designed to improve risk assessment for NRM. Patients !60 years undergoing allogeneic HCT will be evaluated before HCT with validated GA measures that capture physical, mental, social, emotional, and functional health; HCT-CI scores; plasma biomarkers (creactive protein, ferritin, and albumin); and also have cells banked for future whole genome and epigenetic screening. Functional and QOL evaluation will be performed every 6 months for 2 years. The study is designed for the following reasons: (1) to develop a composite model with a c-statistic estimate >.85 to predict NRM, and (2) to test the model's prediction of secondary outcomes including overall and functional free survivals, QOL, and RRT. A sample of 700 patients will be used to develop the model to ensure adequate statistical power. Established thresholds for GA tools and cut-off values for the biomarkers will be used for modeling. Bootstrapping method will be used to estimate bias-corrected values of c-statistic for internal validation of the model.
Feasibility and logistics
This study is envisaged to be open to enrollment to most patients, whether or not they are enrolled on another BMT CTN trial. Some of the biomarker data are already collected routinely or in BMT CTN 1202. GA can be completed by patients on paper, electronically, or over the telephone, and functional tests take 5 minutes by a research assistant. Successful creation of the validated HCT-CI used similar methods and similar sample size.
Strategy 2: Novel Approaches for Diagnosis, Classification, and Biologic Assessment of Late-Onset Pulmonary Toxicity after HCT Hypothesis Early detection of pulmonary dysfunction after allogeneic HCT will improve outcomes.
Background and significance
Lung injury contributes significantly to morbidity and is the most common RRT cause of mortality after allogeneic HCT. Late-onset pulmonary complications (LOPC) are particularly problematic, including bronchiolitis obliterans syndrome and restrictive lung disease. Inconsistencies in terminology and diagnostic criteria contribute to a wide variation in early detection of these complications and a false impression of low incidence. Optimal monitoring and treatment for LOPC are not established and only 1 NIH symptombased lung score (dyspnea) correlates with outcomes [101] . Once symptoms of LOPC occur, prognosis is poor [102e105]. New therapeutic strategies for bronchiolitis obliterans syndrome and restrictive lung disease hold promise for improved outcome, but early intervention is required to affect survival [106e109]. New imaging techniques and more frequent monitoring of pulmonary function utilizing readily available devices can detect lung changes earlier.
Trial design
The committee proposed an observational study determine whether an aggressive post-HCT monitoring program with a novel imaging biomarker will detect subclinical lung dysfunction early (3 to 6 months after HCT) and more frequently (20% to 30%) relative to historical controls. The incidence of late onset, noninfectious lung disease utilizing conventional methods is 10% to 15%, and earliest detection is usually after the development of symptoms (1 to 2 years after HCT), when prognosis is poor. Patients undergoing allogeneic HCT will undergo pulmonary function tests (PFTs) and plasma sampling before transplantation, at day 100, and every 3 months for 2 years. Hand-held spirometry will be used between conventional PFTs, with specific criteria for early PFTs [101, 110] . A persistent 15% decline in forced vital capacity, forced expiratory volume in 1 second, or carbon monoxide diffusing capacity will initiate work-up including highresolution computed tomography (HRCT), broncho-alveolar lavage, collection of broncho-alveolar lavage fluid, blood and stool samples for biomarker analysis, and nextgeneration sequencing for pathogen discovery. Digital HRCT files will be analyzed by a sensitive attenuation mapping technique [111] . Patients with noninfectious lung dysfunction will be available for state-of-the-art intervention.
Feasibility and logistics
A sample size of 300 subjects is expected to have sufficient power to determine whether early detection is possible. Broad eligibility criteria will ensure rapid accrual.
The universal availability of PFTs and HRCT scans and the ease of biomarker collection suggest this study is feasible. Strategy 3: Identifying Microbiological "Biomarkers" that Predict RRT Hypothesis Oligoclonality of the microbiome predicts poorer outcomes after HCT. Additionally, microbes that predict adverse outcomes or promote RRT can be identified allowing early intervention.
Background and significance
Our understanding of the underlying pathobiology of gastrointestinal and pulmonary complications after HCT remains incomplete [112, 113] . Despite the susceptibility of the post-HCT population to infections, efforts to characterize microbial triggers are limited. Identification of some opportunistic pathogens, such as pneumocystis and CMV, has led to improved surveillance, prophylaxis, early treatment, and improved outcomes. Newer methods allow characterization of known and novel bacteria, viruses, and fungi in the microbiome [114] . A shotgun metagenomic sequencing approach, for example, resulted in the identification of a new colitis-associated pathogen [115] .
Trial design
The committee proposed prospective collection of additional biospecimens (stool, sputum) from patients undergoing allogeneic transplantation and enrolled on BMT CTN 1202. Collected specimens will undergo central shotgun metagenomic sequencing. Shannon diversity index of microbial phyla will be calculated to quantify microbial diversity in each specimen. Spearman's rank correlation coefficient will be calculated to determine the strength of the correlation between Shannon diversity index and outcomes. The genome sequences of novel organisms will be assembled and deposited to the National Center for Biotechnology Information. Unsupervised hierarchical clustering of cases/ controls will be performed to identify "microbiome" compositions or new organisms associated with RRT.
Feasibility and logistics
Feasibility of this trial is greatly enhanced by leveraging the evaluations and data collection schedule and forms in place for BMT CTN 1202. Specimens would be collected at the same time points as the blood samples collected on BMT CTN 1202 (weekly from day 0 through day 28, and on days 42, 56, and 91). A detailed kit and protocol for sample collection and shipment would be provided; samples would be stored in a central repository.
Summary of Discussion
Enthusiasm was high for the development of a composite health status risk score to improve the selection of older patients for HCT. The additional collection of biospecimens for future genetic and epigenetic analysis was recommended. There was general agreement for the need for earlier detection of pulmonary toxicity and the development of an observational trial of PFT and possibly novel imaging biomarkers. Trials of novel early therapeutic intervention, however, require further preliminary data before going forward, Finally, the potential for an improved understanding of microbiome alterations during HCT and the discovery of new pathogenic microbes by metagenomic sequencing techniques was acknowledged but felt not to be feasible as a standalone trial at this time.
COMMITTEE 11: INFECTION AND IMMUNE RECONSTITUTION COMMITTEE Current State of the Science
Despite the introduction of multiple effective antimicrobial agents, more accurate diagnostics, and advances in antiinfective strategies, infection remains 1 of the most common causes of serious morbidity and death after HCT. Suboptimal or delayed immune reconstitution is the major risk factor for this. Adoptive immunotherapy using CMV-specific T cells can improve control of refractory CMV infection compared with antiviral drug therapy.
Background and significance
CMV mortality decreased with the introduction of effective antiviral drugs but substantial challenges remain [116] . CMV-specific T cell adoptive therapy has been shown in small studies to be safe and effective for prevention and treatment of CMV infection [86, 117] . The utility of adoptive immunotherapy in refractory CMV infection has not been studied in a multicenter randomized trial.
Trial design
The committee proposed a randomized phase II study in allogeneic HCT recipients with refractory CMV infection (persistent DNAemia despite 2 weeks of anti-CMV drug therapy, and not receiving prednisone >1 mg/kg/day). Subjects would receive either banked CMV-specific T cells or placebo, to be given on days 1, 8, and 15 after study entry. Patients on both arms would continue to receive anti-CMV drug therapy. Approaches to antiviral drugs and tapering of immunosuppression would be standardized. The primary endpoint would be the incidence of CMV disease [118] in a time-to-event analysis. Secondary clinical, safety, clinical, virologic, immune, and survival endpoints would be assessed over 6 months. Block randomization and subset analysis will be conducted in those receiving .5 and > .5 mg/kg/day of prednisone.
Feasibility and logistics
We estimate DNAemia to occur in 55% of CMVseropositive patients. Twenty-nine percent of these patients will develop persistent DNAemia, and 22% of persistently DNAemic patients will develop disease [119] . We expect the response rate to CMV-specific cells to be 74% [86] , thereby reducing CMV disease rates from 22% to 6%. We anticipate approximately 90 patients per arm will be needed to demonstrate this difference. Given that there about 4000 allotransplantations per year in the United States in CMVpositive patients, there should be about 650 eligible patients a year, making accrual in 2 years feasible. 
Background and significance
PIVs are major respiratory tract pathogens, which can cause fatal viral LRTD and long-term airflow obstruction after HCT [120e123] and for which there are no effective therapy [124] . PIV URTI is a major risk factor for LRTD [120, 121] . DAS181 is a novel sialidase viral receptor blocker on respiratory tract epithelial cells [125] . DAS181 is active against several respiratory viruses (including PIV and influenza) [126, 127] and is currently in a phase II trial in HCT recipients with PIV LRTD.
Trial design
The committee proposed a phase III trial in which HCT recipients presenting with documented PIV URTI would be randomized 2:1 to either DAS181 or placebo for 7 days. The primary endpoint would be time to progression to LRTD. Secondary clinical and physiologic endpoints would also be assessed.
Feasibility and logistics
The rates of symptomatic PIV infections are 7% to 8% [122] in 2 core centers of the BMT CTN. If the rate is similar in all HCT centers, there should be more than 1000 eligible patients in the United States annually. We estimate the progression rate in the placebo group to be w15%. With an estimated w280 patients, the study would have 82% power to detect a reduction from 15% to 5%. Recruitment should be feasible in 2 to 3 years.
Strategy 3: Stepped Intervention Program to Reduce Infections in Allogeneic HCT Recipients Hypothesis
A multifaceted stepped intervention using an evidencebased infection prevention guidelines checklist with feedback of post-HCT infection rates in allogeneic HCT recipients will reduce rates of CMV disease and preventable bacteremic and fungal infections.
Background and significance
Prevention strategies shown to reduce serious infections after HCT have been codified in guidelines [128] . Unfortunately, adherence to guidelines is variable [129] due to differences in systems and individuals [130] . Hospital safety studies show that barriers to guideline implementation can be overcome by a multifaceted approach [130e132], using an unambiguous checklist with interventions linked in time and space and reliance on systems, rather than on the actions of individual clinicians. Outcomes can be improved with use of technology to "flag" data, follow and report outcomes, and suggest actionable responses.
Trial design
The committee proposed a 3-year multicenter prospective, interventional, nonrandomized, stepped, qualityimprovement cohort study designed to improve implementation of strategies to prevent infections in allogeneic HCT recipients. The primary intervention will be the use of pretransplantation and post-transplantation (weekly) goals checklists up to day 100 to improve implementation of evidence-based prevention strategies, tracking of severe infection data, and continuous feedback of guidelines adherence and infection rates.
Stepped interventions include the following: (1) development of BMT CTN infection definitions and prevention guidelines for the trial, (2) pilot infection tracking system (this will enable finalization of sample size estimates), and (3) implementation of prevention checklist and continuous feedback system. The primary endpoint will be the serious composite infection (SCI) rate (severe Gram-negative bacterial infections, CMV syndrome and/or disease, and invasive fungal infections) at day 100. Poisson regression modeling will be used to compare rates before, during, and up to 2 years after implementation of the primary intervention. Secondary endpoints will be compliance with guidelines, health care utilization measures, incidences of each serious infection, and transplantation-related mortality.
Feasibility and logistics
Historically, the estimated 3-month SCI rate is 30%. Through the application of a multifaceted stepped intervention (single arm), with a sample size of 246, a SCI rate of 20% (10% reduction from the historical rate) can be estimated to a desired precision of 5% with 95% confidence. The historical SCI rate measured after pilot data collection will be used to confirm sample size estimates, as these estimates are dependent on the actual baseline SCI rate measured after year 1.
Summary of Discussion
There was considerable enthusiasm for both Strategies 1 and 2, which were considered high priorities for the network in the near future. It was felt that Strategy 1 addressed a novel approach to a significant problem that would require the Network to be successfully tested. Concern was expressed about the estimate of the endpoints in that they were derived some time ago and may not reflect the event rates in a contemporaneous cohort of patients and in recipients of T cellereplete grafts. Moreover, quantitative PCR detection assays have replaced older, less sensitive antigen assays. The committee indicated that a current prospective study in allogeneic T cellereplete HCT recipients is underway and will be used to revise the estimates of the event rate. If this study indicates the event rate is too low, options include confining the study population to high-risk patients (patients receiving T celledepleted or cord blood grafts and/or those receiving antithymocyte globulin or alemtuzumab) or discussing with the Food and Drug Administration an alternative or composite endpoint. For the respiratory syncytial virus antiviral trial in Strategy 2, there also was considerable enthusiasm. No major concerns were noted. Although there was enthusiasm for the stepped-intervention program in Strategy 3, concerns were raised regarding the current paucity of data to support key endpoint estimates and the need for a method to select centers with a heterogeneity of practices, as some centers may already have in place approaches that standardize adherence to guidelines practices. It was felt that there should be a pilot study to provide good estimates of how much of a reduction in SCI rates might be expected after adoption of the intervention.
COMMITTEE 12: LATE EFFECTS/QOL/ECONOMICS Current State of the Science
The BMT CTN has conducted 1 trial of training in exercise and/or stress management to improve QOL. However, many BMT CTN trials have QOL or economic measures as secondary endpoints. After reviewing the pertinent literature, the committee focused on a primary prevention trial for bone loss. The committee wrote 3 white papers to codify methods to incorporate secondary endpoints of late effects, QOL, and economic outcomes into other BMT CTN clinical trials wishing to study these endpoints, available at https:// web.emmes.com/study/bmt2/SOSS.html.
The committee considered multiple other research questions, but deferred them because of the reasons listed in Table 4 .
Strategy 1: Randomized, Placebo-controlled Study to Evaluate the Efficacy of Zolendronic Acid for Prevention of Bone Loss after Allogeneic HCT Hypothesis Administration of zoledronic acid will prevent bone mineral density (BMD) loss during the first year after allogeneic HCT, as demonstrated in a single-center study [133] .
Background and significance
Osteopenia is found in 20% to 30% of patients before transplantation, whereas 10% to 20% already have osteoporosis [134] . Studies show that significant bone loss occurs in the first 6 to 12 months after HCT [135] , and remineralization can take years, if it occurs at all [136] . A single-center study has shown an 8% cumulative incidence risk of fracture at 3 years after HCT as well as decline in BMD with continued exposure to risk factors such as corticosteroids and CNIs [137] . Low BMD is a risk factor for fractures.
Trial design
The committee proposed a phase III randomized, placebocontrolled trial comparing a single 5 mg i.v. infusion of zoledronic acid to placebo. The randomization would be stratified to balance factors that may correlate with bone loss or response assessment (baseline BMD, steroid exposure, center). The primary endpoint is the change in BMD (g/cm 2 )
as measured by DEXA scan. A sample size of 130 patients per group will give 90% power to detect a .5 standard deviation difference in the femoral BMD between enrollment and 1 year after transplantation, assuming we are unable to evaluate 30% at 1 year because of death or missing DEXA data. Both arms will receive calcium and vitamin D. Patients with baseline osteoporosis or prior bisphosphonate use will be excluded from the trial. There is a growing interest in comparing the outcomes of different therapies beyond traditional endpoints of survival, NRM, and disease control. Many protocol teams would like to collect data on QOL, symptoms, late effects, or economic endpoints. They may be motivated by anticipated differences between treatment approaches, or because the design of their trial will support many secondary studies in the future. The clinical data and specimens collected for most BMT CTN clinical trials represent a robust resource upon which collection of QOL, late effects, and cost data for selected studies is likely to deliver high value. The BMT CTN should promote a core set of measurement tools for these endpoints and standardize approaches to collection of these data types to ensure useful and interpretable data. Not all trials will include these endpoints, but those that do should have a standardized approach.
Feasibility and logistics
The committee drafted 3 white papers to outline best practices regarding collection of these data types. These papers provide detailed recommendations for study design, implementation, and conduct, and suggested wording for protocols and consent forms. Members of the committee are available to help protocol teams integrate these secondary endpoints into their trials and to help teams monitor data collection while the trial is ongoing.
Summary of Discussion
There was high enthusiasm for Strategy 1. The primary issues raised concerned the most appropriate time for enrollment (before HCT versus day þ100 versus when steroids are started), identifying appropriate high-risk patients for enrollment, the wisdom of including patients with normal BMD, the duration of follow-up, how the DEXA scans and zoledronic acid would be financed, and whether markers of bone turnover should be incorporated into the trial. Although these issues require resolution, there was high enthusiasm for this trial. Concerning Strategy 2, the primary suggestion was to coordinate with the European Society for Blood and Marrow Transplantation and other interested groups to make sure that international standardization is incorporated whenever possible.
COMMITTEE 13: CLINICAL TRIAL DESIGN
The SOSS clinical trial design committee identified several important issues to be considered when developing clinical trials in HCT.
Incorporation of Controls in the Design of Phase II Trials
A phase II study using a historical control rate makes interpretation of results difficult because unrecognized changes in patient characteristics over time can increase the probability of a false positive or false negative result [138, 139] . Including a concurrent control group improves the design but requires substantially more patients for sufficient statistical power. Ideally, the control arm is randomized, although a nonrandomized convenience sample of contemporaneous patients could be used instead. A compromise involves using CIBMTR registry data with regression methods to partially adjust for differences between trial and registry patients. This approach is most appropriate when eligibility criteria can be easily reproduced and when outcomes and well-established risk factors are routinely collected by the registry. Differential patterns of assessment can be addressed by including additional prospectively enrolled CIBMTR patients, subject to additional participant consent. BMT CTN 1203 (A multicenter phase II trial randomizing novel approaches for GVHD prevention compared to contemporary controls) uses prospective enrollment of a registry control group receiving tacrolimus þ methotrexate as GVHD prophylaxis. Another valuable source of control patients is BMT CTN 1202, where protocol-specified GVHD and toxicity assessments and biospecimens augment registry data. The Graft Sources SOSS committee proposed a haplo-identical HCT trial that could possibly use a registry control. Enrollment occurs just before HCT, facilitating identification of registry control patients, and the primary endpoint is a standard PFS outcome.
Patient Enrichment for Studying Infrequent Outcomes
A trial studying a new treatment for an infrequent but serious outcome risks exposing many patients to a treatment that may benefit few patients, because a large sample size is needed to identify a small treatment effect. Although eligibility could be restricted to patients with a higher likelihood of the outcome, drawbacks of such an "enrichment" strategy include slower accrual, less generalizability of the results, and the need for a randomized control group when it is difficult to identify higher-risk registry patients. The Pediatric Indications and Approaches SOSS committee proposed a relapse prevention trial in ALL that identifies patients at high risk of relapse based on pre-HCT MRD and absence of acute GVHD by day 55 after HCT, making detection of a risk reduction more feasible. However, the day 55 eligibility criterion makes it difficult to identify appropriate control patients from a registry, leading to the need for a randomized control arm.
Biomarkers in Eligibility Criteria as an Enrichment Strategy
Biomarkers may be used to identify high-risk patients for study inclusion, but the need for a pre-enrollment laboratory measurement adds logistical complexity. The biomarker's predictive value can be established using standard metrics, such as Akaike Information Criterion, area under the receiver operating characteristics curve, and Brier score, or more controversial metrics, such as standardized-net benefit or net-reclassification index [140] . Interlaboratory measurement variability of the assay should be assessed as well as consistency of the biomarker's ability to predict outcomes across subgroups of patients. The GVHD SOSS committee is proposing the use of a 3-biomarker panel to identify patients with high-risk acute GVHD and poor prognosis for survival. The benefit of this grading will be gauged by its ability to (1) identify a large enough group of high-risk patients to sufficiently power clinical studies, and (2) stratify GVHD severity among patients better than standard clinical assessment, such as the Consensus criteria.
Rapid Assessment of Agents in a Phase II Design
Assessment of multiple promising new agents is often slowed by administrative hurdles in multicenter trials including protocol development and approval. A "plug-in" protocol could be written with a primary and backup agent so that completion of accrual to the primary agent (either through study completion or early stopping) triggers a switch to the backup agent without delay in implementation. Then a protocol amendment could add another backup agent, leaving a primary and secondary treatment to still be studied. Short-term endpoints, if reasonably likely to predict clinical benefit, can facilitate quick decisions of whether to switch to a phase III trial with that treatment or to switch to the next agent.
Novel Endpoints in HCT
Quantitative or ordinal endpoints typically require smaller sample sizes than PFS or time-to-event data, but analysis must appropriately handle patients who die or are otherwise not evaluable. Possible strategies include imputation (a procedure for inserting a value to stand in for missing data) and use of rank statistics for hypothesis testing, or an analysis conditional on survival. Imputation helps to preserve the intention-to-treat principle and may be less sensitive to bias due to differences in survival. However, it typically requires more patients than a conditional analysis because this approach shrinks the measurement distributions closer together because of the inclusion of patients who die. Careful consideration of study eligibility and timing of the intervention can reduce the impact of mortality on the outcome. The Late Effects SOSS committee proposed a study of zoledronic acid for prevention of bone loss, where the outcome is change in femoral neck BMD from 100 days to 1 year after transplantation. Restricting eligibility to early/ intermediate disease with good performance score can help minimize the impact of the competing risk of death.
Summary
Clinical trials in HCT are difficult because of the rarity of the diseases being studied and multiple competing risks in the post-transplantation setting. Strategies discussed above including comparisons to a registry control, patient enrichment and use of biomarkers, rapid assessment of new agents, and use of novel endpoints in HCT all have the potential to improve feasibility of HCT trials, although the advantages and disadvantages of each strategy must be carefully considered. Although the committee's preference is for randomized controls, it recognizes that alternative designs must also be considered.
Prioritization
As noted earlier, after the committee presentations and open discussion, the SOSS Planning Group, committee chairs, and outside reviewers met, discussed the individual proposals, and formed a prioritization list. The 12 concepts listed in Table 5 received a high level of enthusiasm from the review group. They are listed in the order of presentation at the meeting. The highest priorities were reserved for those studies addressing impactful questions, with adequate preliminary data and no obvious impediments to their conduct. Many of the concepts not given high priority asked important questions and, if preliminary data are generated or certain barriers can be circumvented, might become equally compelling in the future. 
